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(54) MAGNETIC RECORDINQ MEDIUM AND ITS MANUFACTURE 



(57) An inexpensive high-density recording medium 
which is increased in coercive force without using expen- 
sive fenomagnetic metallic layer. In a ntagnetic recording 
medium on the base kxxJy of which a ferromagnetic 
metalGc layer is formed on a base body with a metallic 
underlying layer in between and which utilizes reversal 
of magnetization, the oxygen concentration in the ferro- 
magnetic metallic layer is 100 wl ppm or less, and in 
addition, cxygen concentration in the metallic base layer 
Is also 1 00 wt ppm or less. In a method of manufacturing 
a magnetic recording medium on the base body of which 
the metallic base layer and fenomagnetic metallic layer 
are successively formed t>y sputtering, the impurity con- 
centration of Ar gas used for the formation of the layer is 
10 ppb or less. Before forming the metallic base layer, in 
addition, the surface of the base body is cleaned by high- 
frequency sputtering using Ar gas the Impurity concen- 
tration of which is 1 0 ppb and surfece section of the base 
body is partially removed to a depth of 0.2-1 nm. 
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Descripti n 

Technical Reld 

5 The present invention relates to a magnetic recording medium and a manufacturing method therefor In greater 

detail, the present invention relates to a high density recording medium possessing superior magnetic characteristics 
which is inexpensive arxj can be easily produced, as well as to a manufacturing method therefor. The magnetic recoiding 
medium in accordance with the present invention is preferably applied to hard disks, floppy disks, magnetic tape, and 
the like. 

10 

Background Art 

The following technology is known as a conventional magnetic recording medium and a manufacturing method 
therefor. 

15 Figure 23 Is a schematic diagram showing a hard disk as an example of a magnetic recording medium. In Rgure 
23, Rgure 23(a) is a perspective view of the entirety of the magnetic recording medium, while Figure 23(b) is a cross* 
sectional view of the section A-A' in Figure 23(a). 

A structure is employed in which a non-magnetic (Ni-P) layer 3 was provided on the surface of an AI substrate 2 
which was employed as a base body 1 . A Cr base layer 4. a ferromagnetic metallic layer 5. and a protective layer 6 are 

20 laminated on this base body 1 . 

The non-magnetic (NI-P) layer 3 is formed by means of a plating method or a sputtering method on the surface of 
an AI substrate 2 which is in the shape of a disk having a diameter of 89 mm (3.5 inch) and a thickness of 1 .27 mm (50 
mil), and this forms the base body 1 . Furthermore, concentric scratches (hereinbelow termed texture) are provided in 
the surface of the non-magnetic (Ni-P) layer 3 by means of a mechanical grinding process. Generally, the surface rough- 

25 ness of the non-magnetic (Ni-P) layer 3. that is to say the average center tine roughness Ra as measured in the radial 
direction, is within a range of 5 nm - 15 nm. Furthermore, the Cr base layer 4 and the fen-omagnetic metallic layer 5 
(generally, a Co alloy system magnetic film) are formed on the surface of the base body 1 by means of a plating method, 
a vapor deposition method, or a sputtering method, and finally, a protective layer comprising cartxxi Or the like which 
serves to protect the surfece of the ferromagnetic metallic layer 5 is provkJed by means of a sputtering method. The 

30 typical thickness of each layer is as follows: the non-magnetic (Ni-P) layer 3 is within a range of 5 ^ni - 15 \xm. the Cr 
base layer 4 is within a range of 50 nm - 150 nm, the ferromagnetic metaDic layer is within range of 30 nm - 100 nm. and 
the protective layer 6 is within a range of 20 nm • 50 nm. 

In order to apply a high recording density to the medium described above, among the magnetic characteristics of 
the medium, it is particularly necessary to increase the coercive forca Recentiy, customer requirements have l>een 

35 shifting from media having a coercive force witiiin a range of 1200 Oe - 1600 Oe to media having a coercive force of 
1800 Oe or more. The following technologies were known as methods for increasing the coercive force in magnetic 
recording media which were conventionally considered In order to respond to such needs. 

[1] Alterations in the composition of the ferromagnetic metallic layer 
40 [2] Making the crystalline grains of the ferromagnetic metallic layer smaller 

[3] Magnetically isolating the crystalline grains of the fenromagnetk; metallic layer 

However, the following problems were present in the conventional technologies described atsove. 

45 (1) Technology [1] has a large effect when, for example. R is included in the ferromagnette metallic layer. However, 
the costs thereof are high, and medium noise is also high, so that improvement is expected. With other materials, 
the effects of the film formation atnKssphere are likely to be felt, and it is diffk;ult to realize a coercive force of 1800 
Oe or mora 

(2) Technology 12] can be realized by reducing, for example, the film thickness of the base layer; however, if the 
60 tttickness is too greatly reduced, the level of medium noise increases and this is not desirable. 

(3) Technology [3] can be realized by utilizing dispersion of the base Cr by means of, for example, high tenrperature 
heat processing after film formation; however, the effects of gas emission within the film formation chamber must 
t>e considered, and the like, so tiiat the production process t>ecomes complex, and this is undesirable. 

55 The fblbwing technologies are known as manufecturing methods for magnetic recording media. 

[4] An inaease in the base body surface temperature during film fomiatton 

[5] Regulation of k>ase body potential 

[6| Regulation of film formation gas pressure 
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However, the following problems were present in the conventional technologies described akx>ve. 

(4) In technology [4], an increase in the annount of gases ennitted from the inside of the film formation chamber 
occurred, and production became unstable, so that this was not desirat)le. 
5 (5) Technology [5] exhibited no effects even at potentials greater than those conventionally employed, and there 
was a tendency for a number of abnormal electrical discharges to occur, so that the film formation process was 
unstable, and this was not desirable. 

(6) Technology [6] did not exhibit effects greater than those conventionally obtainable in the range in which discharge 
was possible (for example. 1 mTorr - 30 mTorr). 

10 

The cun-ent state of (1 ) above is shown in Table 1 . In the case in which the composition of the f eromagnetic metallic 
layer is altered, which is one method for increasing the coercive force. CoNiCr. CoCrTa. and CoCrR. for example, are 
widely employed as the base allo/s. Table 1 shows the relative superiority or inferiority of these three alloys with respect 
to various criteria. The nurrt>er 1 in the tal)le indicates the most superior of the three alloys. 

IS 



rable 1] 



ITEM 


CoNiCr 


CoCrTa 


CoCrPt 


[1]IjOw cost 


1 


2 


3 


[2] Relatively uninfluenced by film formation atmosphere 


2 


3 


1 


[3]Higher coercive force is fecilitated (1800 Oe or more) 


3 


2 


1 


[4]Low level of medium noise 


3 


1 


2 


[51 Normalized coercive force (Hc/Hk?'*'") is high 


2 


1 


2 



That is to say, CoNiCr is superior with respect to low cost in conrparison with the other materials; however, it pos- 
30 sesses defects in that there is an upper limit to the coercive force, and the level of medium noise is high. CoCrTa is 
superior in that the level of medium noise is low and the nomDaltzed coercive force is high. However, since it is liable to 
be affected by the film formation atmosphere, the construction necessary for large scale manu^cturing processes is 
difficult CoCrPt is characteristic in that a higher coercive force can be produced in comparison with th^ other materials. 
However, because the rare metal FX is employed, the cost is high, and there is also a problem in that the level of medium 
3S noise is high in comparison with that of CoCrTa. 

Accordingly, there has been a strong desire for the realization of a magnetic recording medium and a manufacturing 
method therefor which has features such that the material comprising the fenomagnetic metallic layer is low in cost, a 
high coercive force of 1800 Oe or more can be maintained, and the level of medium noise during recording and playt>ack 
is low. 

40 The present invention has as an object thereof to provide a magnetic recording medium which realizes a high coer- 
cive force using a material which does not contain R in the ferromagnetic metallic layer, the materials of which are low 
in cost, which has a low level of medium noise, and the marufacturing process of which can be simplified. 

Furthermore, the present invention has an object thereof to provide a manufacturing method for magnetic recording 
media which is capable of producing a medium having a high coercive force even when the temperature of the base 

45 body surface during film formation is low, and which is capable of employing conventional base body potentials and film 
formation gas pressures. 

Disclosure of the Invention 

so The present invention comprises a magnetic recording medium wherein a ferromagnetic metallic fayer is formed on 
the surface of a base body with a metallic base layer in between, and which employs reversal of magnetization, char- 
acterized in that the oxygen concentration in tiie ferromagnetic metallic fayer is less than or equal to 100 wtppm. 

Furthermore, the magnetic recording medium in accordance with the present invention comprises a magnetic 
recording nredium in which a ferromagnetic metallic fayer is formed on the surface of a base body with a metallic tase 
ss layer in between, and which employs reversal of magnetization, characterized in that an oxygen concentration in the 
metallic base fayer is 100 wtppm or less. 

Furthermore, the magnetic recording medium in accordance v»rfth the present invention is characterized In that the 
oxygen concentration in the fenromagnetic metallic fayer is 100 wtppm or less. 
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Furthermore, the magnetic recording medium in accordance with the present tnverrtion comprises a magnetic 
recording medium, wherein a ferromagnetic metallic layer is formed on the surface of a base Ixxiy, which enploys 
res^ersal of magnetization, diaracterized in that an oxygen concentration in the ferromagnetic metallic layer is 1 00 wtppm 
or less. 

5 The manufacturing method for magnetic recording media in accordance with the present invention comprises a 

manufacturing method for magnetic recording media wherein a metallic t>ase layer and a ferromagnetic metallic layer 
are successively formed by a sputtering method on the surlace of a base body, characterized in that the impurity con- 
centration of Ar gas used in f am formation is 1 0 ppb or less. It is further preferable that the impurity concentration of the 
Ar gas be 100 ppt or less. 

10 The manufacturing method for magnetic recording media in accordance with the present Invention is characterized 
in that prior to forming the metallic t>ase layer, the surfece of the t>ase body is subjected to a cleaning process by means 
of a high frequency sputtering method using Ar gas having an impurity concentration of 10 ppb or less, and 0.2 nm • 1 
nm is removed. 

The manufacturing method for magnetic recording media in accordance with the present invention described above 
IS is effective even in the case in which the ferromagnetic metallic layer is formed directly on the surtece of the base body 

Furthermore, the base body is characterized in that a rK>n-n^gnetic layer is formed on the surface thereof. 

In the manufacturing method for magnetic recording media in accordance with the present invention, during the 
formation of the metallic base layer and/or ferromagnetic metallic layer, a negative bias preferat^ly within a range of -1 00 
V - -400 V is applied to the base body, and it is desirable that the vacuum degree which is achieved be 8 X 10~o Torr or 
20 less. It is further preferable that the surfece temperature of the base body be within a range of 60°C - 1 SO^'C. 

The manufecturing method for magnetic recording media in accordance with the present invention which is descrft>ed 
above is effective even In the case in which the surface roughness Ra of the base body is 3 nm or less. Furthermore, 
the method can also be applied to cases in which the gas which is used during the formation of the metallic t^ase layer 
and/or ferromagnetic metallic layer is (Ar + N2) or (Ar + H2). 

25 

Function 

In the present invention, in a magnetic recording medium in which a ferromagnetic metallic layer is formed on the 
surface of a t>ase body with a metallic base layer in between, by keeping the oxygen concentration in the ferromagnetic 

30 layer at 1 00 wtppm or lower, there are few grains which have impurities as a nucleus thereof and which precipitate crystal 
gitjwth, 80 that a uniform crystal grain can be ot>talned, and it is possible to realize a magnetic recording medium having 
high coercive force in a direction parallel to the film surface. 

Furthemxye, in the present invention, in a magnetic recording medium in which a ferromagnetic layer is formed on 
the surface of a base body with a metallic base layer in between, the oxygen concentration of the metallic t>ase layer. 

35 which comprises Cr and the like, is maintained at a level of 100 wtppm or less, and thereby, good crystal growth is 
possOdle even when the film is thin. As a result, the degree of control of the oriented surfaces of the crystal grains 
comprising the ferromagnetic metallic layer (that is to say. the extent to wtiich the C axis of the hep structure lies in the 
f im surface) increases, so that it is possible to realize a magnetic recording medium having a high coercive force in a 
direction parallel to the film surface. 

40 Furthermore, in the present invention, in a magnetic recording medium in which a ferromagnetic metallic layer is 
formed on the surface of a base bpdy with a metallic base layer in t)etween, t>y means of maintaining the oxygen con- 
centration in the ferromagnetic metallic layer and the metallic base layer at 100 wtppm or less, the non-magnetic Cr of 
the metallic base layer passes through the boundary between the two layers and easily dispersed between the crystal 
grains of the fenromagnetic metallic layer without being affected by the impurities present in the ferromagnetic metallic 

45 layer and the metallic base layer. As a result the degree of magnetic isolation of each aystal grain of the ferromagnetic 
metallic layer increases, so tfiat it is possil)le to realize a magnetic recording medium having a high coercive force in a 
direction parallel to the film surface. 

In the magn^c recording medium in accordance with the present invention, the thickness of the magnetic t>ase 
layer ts preferably within a range of 2.5 nm - 100 nm, and is more preferably within a range of 5 nm - 30 nm. and thereby 

so a high coercive force arxJ a k3w level of medium noise can t>e simultaneously realized. 

In the magnetic recording medium in accordance with the present invention, the thickness of the ferromagnetic 
metallic layer is preferably within a range of 2.5 nm - 40 nm. and more preferat)ly within a range of 5 nm - 20 nm. and 
thereby, it is Possble to realize a still higher coercive force. 

Furthermore in the present invention, in a magnetic recording medium in which a ferromagnetic metallic layer is 

ss formed on the surtece of a t>ase body, by means of maintaining the o^gen concentration in the ferromagnetic metallic 
layer at 1 00 wtppm or less, there are few grains which have impurities as a nucleus thereof and which precipitate crystal 
growth, so that uniform crystal grains are obtainable even In thin film regions of 30 nm or less, and it is possible to realize 
a magnetic recording medium having a high coercive force in a direction perpendicular to the film surface. 



4 



EP0 710 949 A1 



In the magnetic recording medium in accordance with the present invention, by means of maintaining the surface 
roughness Ra of the t)ase body preferak)ly at level of 3 nm or less, and more preferably at a level of l nm or less, it Is 
possible to realize a still higher coercive force. 

In the magnetic recording medium In accordance with the present irrvention, the normalized coercive force of the 
5 ferromagnetic metallic layer (irKlicated by Hc/Hk^'^'") is 0.3 or more and less than 0.5, so that it is possible to realize a 
still lower level of medium noise. 

In the magnetic recording medium in accordance with the present invention, Al alloy, glass, or silicon are preferably 
erT|)loyed as the base body material, since the surface roughness descrbed above is thus realizalsle at a low cost. 

In the present Invention, the magnetic recording medium is produced by successively forming a metallic base layer 
10 and a ferromagnetic metallic layer by means of a sputtering method on the surface of a base body: what is meant by 
"successively" is that after the formation of the metallic base layer, and until the formation of the ferromagnetic metallic 
Is^er on the surface ttiereof , the layer Is not exposed to an atnfK)sphere having a pressure equal to or greater than the 
gas pressure during film formation. Using this meaning, by means of maintaining the impurity concentration of the Ar 
gas which is used during the successive formation of the metallic base layer and the ferromagnetic metallic layer at a 
IS level of 10 ppb or less, and preferably at a level of 100 ppt or less, it is possible to realize a manufacturing method for 
magnetic recording media which is capable of reducing the oxygen concerrtration contained in each layer described 
atxve. 

Accordingly, the targets which are employed in the formation of the metallic base layer and ferromagnetic metallic 
layer contain amounts of oxygen of. respectively, 150 ppm or less and 30 ppm or less, and in order to maintain high 
20 purity of the atmosphere during film formation, it is desirable that tiie vacuum degree attained in tiie film formation 
chamber be 8 X 10"8 Torr or less. 

Furthermore, in the present invention, prior to forming the magnetic base layer, the surface of the t>ase txxjy is 
subjected to a cleaning process by means of high frequency sputtering using Ar gas having an impurity concentration 
of 10 ppb or less, and by means of extremely shallow stripping to a d^sth of 0.2 nm - 1 nm, it is possitrfe to realize a 
25 manufacturing method for magnetic recording media having the following two functions. 

(1) It is possible to remove substances which adhere to the surface of the base body and which can not be removed 
by vacuum storage or heat processing, so that it is possik^le to promote the crystal growtii of the Cr film from the 
stage at which the Cr layer is thin (for example. 5 nm). As a result, even if a ferromagnetic metallic layer is formed 

30 on tiie tiiin Cr layer, it is possible to obtain a high coercive force parallel to the film surface. 

(2) The dispersion of rwn-magnetic Cr from tiie Cr layer to the crystal grain boundaries of the ferromagnetic metalHc 
layer tbnned on tiie Cr layer is facilitated. As a result, each crystal grain forming the ferromagnetic metallic layer 
becomes nrK>re resistant to magnetic interaction from adjoining crystal grains, and a high coer9ive force can be 
obtained in a direction parallel to the film surface. 

35 

The above two functions, that is to say. the impurity concentration of the Ar gas and tiie cleaning processing witii 
respect to tiie surtece of the base body, exhibit identical effects even in the case in which a ferromagnetic metallic layer 
is formed directiy on tiie surface of tiie base body. 

The effect of the cleaning processing descrit>ed above is exactly opposite to the effect which would be predicted 

40 from etching by means of a conrvnon sputtering method in magnetic recording media; this was discovered for the first 
time by means of the present invention. That is to say, cleaning using a high frequency sputtering method with respect 
to the surface of the (Ni-P) layer which employed a common mettiod was intended to revnove solely the surfece region 
of tiie (Ni-P) layer, and thus to increase tiie adhesion strength of the tiiin film formed thereon, as disclosed in. for exanple. 
Japanese Patent Application. First Publication. Na Sho 64-70925. and ttie striping deptfi was as much as 1 nm - 20 

45 nm. Moreover, it was disclosed that by means of this metfiod, the crystalline orientation of the Cr base layer which was 
formed was altered, and the coercive force of the medium was reduced. For tiiis reason, after tfie cleaning processing 
had been carried out, it was necessary to undertake an additional oxidation process which lasted anywhere from some- 
what less than 100 seconds to a number of hours and was complicated, so that productivity precipitously declined. As 
described above, the present invention makes it possble to mass produce witti good productivity a magnetic recording 

60 medium having extremely supertor magnetic characteristics, by means of executing a cleaning process removing 1 nm 
or less using Ar gas having a low impurity concentration. 

Furthermore, in the present invention, it is preferable tiiat the cleaning rate when high frequency sputtering is used 
be within a range of 0.001 nm/sec - 0.1 nm/sec; witiiin thte range, it is possble to stably ol>tain a magnetic recording 
medium having a high coercive force. 

65 Furthermore, when tiie metallic base layer and/or the ferromagnetic metallic layer is formed, the coercive force can 
be further increased by applying a negative bias to the tjase body. It is particulariy preferable ttiat this bias value be 
within a range of -1 00 V - -400 V. 

Furthermore, ri the present invention, even when the siffface temperature of the base body during the formation of 
the metallic base layer and/br the ferromagnetic metaDic layer is witiiin a rang of 60*C - 150**C, it is possible to realiz 



5 



EP0710 949A1 



a coercive force which was conventionally only obtainabi at tenperatures of 250^*0 or more. As a re&ult. n^ufacturing 
can be conducted using a heating process at a lower temperature than that which was conventionally employed. The 
amount of gas released from the interior of the film formation chamber can be reduced, and plastics and the like which 
are susceptible to high heat may also be employed as t>ase body materials. 

5 

Embodiment Modes 

Hereinbelow, emtx)diment modes of the present invention will be explained. 
10 (Base Body) 

Examples of base bodies include, for example, aluminum, titanium or alloys thereof, silicon, glass, cartoon, ceramics, 
plastics, resins, and compound materials thereof, and base bodies in which a non-magnetic film of a different substance 
has been coated on the surface of one of these materials by means of a sputtering method, a vapor deposition method, 

IS a plating method, or the like. It is preferable that the non-magnetic film which is provided on the surliace of the base body 
not be subject to magnetization at high temperatures, be conductive, and be easily mechanically worked, while pos- 
sessing the appropriate degree of surface hardness. Especially preferable as a base body which fulfills such conditions 
is a t>ase body in which a (Ni-P) layer is provided as a non-magnetic film on the surface of an aluminum alloy. 

With respect to the shape of the base body, for the purposes of use as a disk, a doughnut-shaped circular base 

20 body may be ^npfoyed. A base txxiy fiaving the magnetized layers and the Gke described hereinbelow provided thereon, 
that is to say, a magnetic recording medium, is used while being rotated at, for example, a speed of 3600 rpm about the 
center of the circular base body during magnetic recording and playback. At this time, a magnetic head rides above the 
magnetic recording medium at a height of approximately 0.1 )un. Accordingly, with regards to the base body, it is nec- 
essary to appropriately control the surface flatness, the parallel nature of the front and back surfaces, undulation in the 

25 drcumforential direction of the base body, and the surface roughness. 

Furthermore, when the base body is rotated or stopped, the surface of the magnetic recording medium and tiie 
magnetic head come into contact and rub against one another (Contact Start Stop, termed CSS). As a counter measure, 
there are cases in which concerrtric slight scratches (texture) are provided in the surface of the base body. 

30 (Metallic Base Layer) 

Examples of the metallic base layer include, for example, Cr, Ti. W and alfoys thereof. When alloys are employed, 
combinations with, for exanrple, V, Nb, and Ta and the like are proposed. In particular. Cr is widely enployed in mass 
production, and the sputtering m^hod and the vapor deposition method and the like are employed as fDm formation 
35 methods. 

The role of this metallic base layer is to pronrx>te crystal growth of the ferromagn^c metanic layer so that when the 
ferromagnetic metallic layer comprising Co groups is provided on the metallic base layer, the magnetization easy axis 
of the fenomagnetic metallic layer lies along a direction within the base body surfece; that is to say, the coercive force 
in a direction within the t>ase body surface increases. 

40 tf a metaDic base layer comprising Cr is produced by a sputtering method, then film growth factors controlling the 
crystalline nature thereof include, for example, the surfoce temperature of the base body, the gas pressure during film 
formation, the bias applied to the base body, the tiiickness of the film formed, and tiie like. In particular, the coercive 
force of the ferromagnetic metallic layer exhibits a terxlency to increase in proportion to the thickness of the Cr film, so 
that a Cr film thickness within a range of 50 nm - 150 nm is employed. 

45 In order to increase the recording density, it is necessary to reduce tiie height at which tiie magnetic head rides 
above the surface of tiie medium. If the thickness of the Cr film described above is large, tiiere is a tendency for the 
surface roughness of the medium also to increase. Accordingly, it is desirable to realize a high coercive force using a 
thin Cr film. 

60 (Ferromagnetic Metallic Layer) 

An example of the fenomagnetic metallic layer is, for example, a Co group alloy containing at least Co. 

If the ferromagnetic metallic layer is provided on the surface of the base body witii a metallic base layer in between 
(tiiat is to say, in tfie case of a magnetic film for recotding within the surtece). examples include, for example, CoNiCr, 
ss CoCrTa. CoRCr. CoPthfi. CoNiCrTa. CoPtCiTa. and tiie like. In particular. CoNiCr has a low cost and is relatively unaf- 
fected by the f flm formation atmosphere. CoCrTa has a tow level of medium noise, and the CoPt systems are capable 
of realizing coercive forces of 1800 Oe or more, which are difffoult to produce using CoNiCr or CoCrTa, so that these 
are preferably employed. In order to increase th recording density, and to reduce the manufacturing costs, the devel- 
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opmerrt of a ferromagnetic metallic layer having low material costs, a low level of medium noise, and which is capable 
of realizing a high coercive fbrce, has been desired. 

On the other hand, in the case in which the ferromagnetic metallic layer is provided directly on the surface of the 
t>ase txxJy without a metallic base layer in between (that is to say, in the case of a magnetic layer used for perpendicular 
5 recording), examples include, for example. CoCr. CoR. CoCrTa, and the like. Furthennore, there are cases In which a 
soft magnetic metallic layer is provided as a backing layer beneath the ferromagnetic metallic layer. Th establishment 
of materials and manufacturing methods which, in such cases, make it possible to maintain a high coercive force In a 
dir ction perpendicular to the film surface even when the ferromagnetic metallic layer is thin, have been desired. 

10 (Magnetic Recording Medium Employing Reversal of Magnetization) 

There are two types of magnetic recording medium which employ reversal of magnetization: a medium in which 
recording magnetization is formed parallel to the film surtece of the ferromagnetic metallic layer described above (cn- 
surface magnetic recording medium) and a medium in which recording magnetization is formed perpendicularly (per- 
IS pendicular magnetic recording medium) . 

In both media, in order to inaease the recording density, it Is necessary to provide for a further reduction in size of 
the recording magnetization. In this reduction in size, the leakage flux of each recording magnetization Is reduced, so 
that the playt>ack signal output in the magnetic head is reduced in size. Accordingly, a further reduction in the level of 
nnagnetic noise, which is thought to result from the influence of adjacent recording magnetizations, is desired. 

20 

(Oxygen Concentration in tiie Fen^omagnetk; Metallic Layer) 

It is known that the oxygen concentration in the ferromagnetic metallic layer, for exanple, in the case of a CoNiCr 
film produced by means of the conventional sputtering method, is 250 wtppm or more. Research related to the effect of 
25 the bxygen concentration in the ferromagnetic metallic layer, that is to say. the influence with respect to tiie coercive 
force of the medium or the medium noise, has been desired. 

What is meant by the conventional sputtering method described above is film formation under conditions such that 
the vacuum degree attained within the film formation chamber in which the ferromagnetic metallic layer is formed is 
within a range of 1 X 10"^ - 5 X 10"7 Jonr. and the impurity concentration of the Ar gas used when forming the fero- 
30 magnetic metallic layer is 1 ppm or more. 

(Oxygen Concentration in the Metallic Base Layer) 

Witii respect to tiie oxygen concentration in the metallic base layer, it is known that for example, in the case of tiie 
55 Or f nm produced by means of the conventional sputtering method, this concentration is 250 wtppm or more. Investigations 
with respect to the influence of the oxygen concentration in the metallic base layer, that is to say, the influence on the 
crystal growth process depending on the thickness of the metallic base layer, the influence on the ferromagnetic metallic 
Ic^er formed on the metallic base layer, and the like, have been desired. 

The mining of the conventional sputtering method desaibed above is identical to ttiat given under the heading 
40 "Oxygen Concentration in the Ferromagnetic Metallic Layer" above. 

(Normalized Coercive Force of the Fenwiagnetic Metallic Uyer (indicated by Hc/Hk^'*'")) 

What is meant tjy the normalized coercive force of the ferromagnetic metallic layer is the value resulting when the 
45 coercive force He is divWed by the anisotropic field Hk9^ of tiie crystal grain, and this value expresses the extent to 
which the magnetic isolation of the crystal grains increases; this is disclosed in "Magnetization Reversal Mechanism 
Evaluated by Rotational Hysteresis Loss Analysis for the Thin Rim Media." Migaku Takahashi, T. Shimatsu, M. Suekane. 
M. Miyamura. K. Yamaguchi and H, \femasaki: IEEE TRANSACTIONS ON MAGUNETICS. VOL 28, 1992. pp. 3285. 
The nomialtzed coercive force of fenromagnetic metallic l^ers produced by a oonvenUonal sputtering method was 
60 smaller than 0.3, insofar as the ferromagnetic metallic layers comprised Co groups. In accordance with the Stoner- 
Wohlfarth theory, when the crystal grains are completely magnetically isolated, a value of 0.5 is indicated, and this value 
represents the tpper limit of the normalized coercive force. 

Furthennore. in J. -Q. Zhu and H.N. Bertram: Journal of Applied Physics. VOL 63, 1988. pp. 3248, it is stated ttiat 
when the normalized coercive force of the ferromagnetic metallic layer is high, the magnetic interaction of the various 
55 crystal grains comprising the feaomagnetic metallic layer is reduced, and it is possible to realize a Ngh coerdve force. 
Here, wtiat is meartt l>y coercive force He is the coercive force of the medium obtained from the magnetizatk>n curv 
measured using a variable sample magnetometer (termed VSM). The anisotropic field Hk^^ of the crystal grain Indi- 
cates the applied magnetic field at whfch the rotational hysteresis k)ss measured using a highly sensitive torque mag- 
netometer completely disappears. The coercive force and the anisotropic field represent values measured witfiin tfie 
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plane of the f Im surface in the case of a magnetic recording niedium in which a fenromagnetic metallic layer is formed 
on the surface of a base kxxly with a metallic base layer in t>etween. and represent values measured in a direction 
perperKiicular to the film surface in the case of a magnetic recording medium in which a ferromagnetic metallic layer is 
formed on the surface of a base body. 

5 

(Aluminum Alloy) 

Examples of an aluminum alloy include, for example, an alloy corrprising aluminum arxJ magnesium. Presently, 
disks errplpying an aluminum alloy as a base txxiy are the most widely employed in HD (hard disl^ uses. Since the 
10 purpose of use is magnetic recording, it is preferable that little metallic oxide be contained. 

Furthernxxe. there are a number of cases in which a (Ni-P) film, which is non-magnetic, is provided on the surface 
of the aluminum alloy by means of a plating method or sputtering method. The purpose of this is to increase corrosion 
resistance and to increase the surface hardness of the base body. In order to reduce the frictional force produced when 
the magnetic head rubs against the surface of the medium, slight concentric scratches (texture) are provided in the 
75 surface of this (Ni-P) film. 

The problems involved in the case in which an aluminum alloy is used as the base body are making the t>ase body 
thin and reducing the surface roughness of the k^ase body Currently, the former has a limit of 0.5 mm, while the latter 
has a limit of approximately 0.5 nm. 

20 (Glass) 

Examples of the glass irKlude, for example, glass which has been strengthened by means of conducting iron doping 
with respect to the glass surface, glass in which the glass itself comprises a miaocrystalline structure, and the like. Both 
fiave thus been treated so as to eliminate the drawk^ack of gl€iss. that it is easy to break. 
25 The surface hardness of glass is high in comparison with that of alunrinum alloy, so that glass is superior in that it 
is not necessary to provide a (Ni-P) film or the like; furthermore, it is also advantageous from the point of view of the 
thinning of the base body, the smoothing of the base body surface, and the high temperature resistance characteristics 
of the base body. 

However, in order to produce a magnetic film having a high coercive force, it is preferable to set the surface tern- 
30 perature of the base t>ody during film fbmiation to a high temperature and to conduct film formation while applying a 
bias with respect to the base body, so that there are cases in which a non-magnetic layer is provkied on the surface of 
the glass. Furthernrx)re. in order to prevent the entry of hamiful elements from the glass into the magnetic film, there 
are cases in which a non-magnetic layer is disposed. Alternatively, there are cases in which, in order to reduce the 
frk^tional force when the magnetic head rubs against the base body suiface. a non-magnetic layer having a fine inregular 
35 surface is disposed on the surface of the glass. 

The problems to be solved when glass is used as the base body are the thinning of the t>ase body and techniques 
to prevent base body breakage. 

(SiGcon) 

40 

Examples of sifioon include, for example, silicon wafers, which have a history of use in the semiconductor field, 
whk^h are formed into a disc shape. 

As with glass, the sur^ce hardness of sificon is high, and the thinning of the base body is possible; the smoothness 
of the t>ase body is also Ngh, and the high temperature resistance characteristics of the base body are good, so that 

45 silicon is superior to aluminum alloy. In addition, the crystal orientation and the lattice constant of the base body surface 
can be selected, so tfiat an hnprovement in the controllabirrty of the crystal growth of the magnetic film formed thereon 
is expected. Furthemiore, as with the aluminum alloy, the base txxly possesses conductivity, so that it is possible to 
apply a bias to the base body, and emission of gases such as HzQ and the like from the interior of the base body is 
small, so that this is advantageous from the point of view of achieving greater cleanliness in the film formation areas. 

60 The problems to be solved in the case in which silicon is employed as the base body are. as in the case of glass, 
the thinning of the base tKxiy and techniques for preventing the breakage of the base body. 

(Sputtering Method) 

55 Examples of the sputtering method include, for example, the conveyed type, in which a thin film is formed while 
moving the base body in front of the target and the stationary type, in which the base body is fixed in front of the target 
and a thin film is formed. Since the productivity of the fonmer is high. It Is advantageous for tow cost production of media, 
whae with the latter type, the angle of incidence of the sputtered grain with respect to the base body is stable, so that it 
is possible to manufacture base kxxlies which have superior recording and playt>ack characteristics. 
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(Successive Formation of the Metallic Base Layer and the Ferronuignetic Metallic Layer) 

What Is meant by the successive formation of the metallic base layer and the ferromagnetic metallic layer is that 
"after the formation of the metallic base layer on the surface of the base body, and until the formation of the ferromagnetic 
5 metalOc layer on the surface thereof, the surface is not exposed to an atmcisphere having a pressure equal to or higher 
than the gas pressure during film formation/ It is krKSwn that when a ferromagnetic metallic layer is formed on the surface 
of the metaDic base layer after the surface has been exposed to the atmosphere, the coercive force of the medium 
declines precipitously (for example, from 1 500 Oe without exposure to 500 Oe or less when exposed). 

10 (Impurities Present in the Ar Gas Used in Rim Formation and the Concentration Thereof) 

Examples of impurities which are present in the Ar gas used in film formation include, for example, H2O. O2. CO2. 
H2, N2, CxHy and the like. The impurities which particularly influence the amount of oxygen Incorporated in the film are 
thought to be H2O. O2. and CO2. Accordingly, the Impurity concentration in the present Invention will be expressed as 
IS the sum of the H2O. O2, and CO2 contained in the Ar gas which is used in film formation. 

(Qeaning Processing by a High Frequency Sputtering Method) 

Exarrples of cleaning processing by means of a high frequency sputtering method include, for example, the method 
20 in which an aKernating voltage from a RF (radio frequency, 1 3.56 MHZ) power source is applied to a base txxjy which 
is placed within an area having a gas pressure permitting discharge The advantage of this method is that it can also 
be applied in cases in which the base txxly is non-conductive. In general, the effect of cleaning processing is to increase 
the ability of the tfiin film to adhere closely to the base body However, there are many unclear points with respect to the 
effects on the film quality of the thin film itself which is formed on the surface of the base txxJy after cleaning processing. 

(Impurities in tiie Cr Target Used During the f=brmation of the Metallic Base Layer and the Concentration Thereof) 

Exanples of impurities in the Cr target used during the formation of the metallic base layer include, for example. 
Fe. Si, Al, C, O, N, H, and the like. The impurity which is thought to particularly effect the amount of oxygen incorporated 
30 into tiie film is O. Accordingly, tiie impurity concentration in tiie present invention is indicated by tiie oxygen contained 
in the Cr target which is used during the formation of the metallic base layer. 

(Irrpurities in tiie Target Used During the Formation of the Ferromagnetic Metallic Layer and the Concentration Thereof) 

35 Examples of impurities in the Co group target used during tiie formation of the ferromagnetic metallic layer include, 
for example, Fe, Si, Al, C, O, N, and the like. TTie impurity which is thought to particulariy affect the amount of oxygen 
incorporated into the film is O. Accordingly, the impurity concentration in the presem invention is indicated by the oxygen 
contained in the target used during the formation of the fenomagnetic metallic layer. 

40 (Application of a Negative Bias to the Base Body) 

The application of a negative bias to the t>ase txxJy indicates the application of a direct current bias voltage with 
respect to the base body during the formation of a Cr t>ase film or a magnetic film as a magnetic recording medium. It 
is known that if an appropriate bias voltage is applied, tiie coercive force of the medium is increased. It is commonly 
45 known that the effect of the bias application described above is greater when a bias is applied in the case of both layers 
thari in the case in which the bias is applied during the execution of only one or the other of the layers. 

(Vacuum Degree Attained in the Rim Formation Chamber in which the Metallic Base Layer and/or the Ferromagnetic 
Metallic Layer is Formed) 

so 

The vacuum degree attained in the film formation chamber in which the metallic base layer and/or ferromagnetic 
metallic t)ase layer is formed is one f Om growtti factor affecting the value of the coercive force, depending on the material 
of the ferromagnetic metallic layer. In particular, when Co group material in which Ta is contained in tiie ferromagnetic 
metallic layer is used, the effect is large when the vacuum degree attained is k>w (for example, in the case of a vacuum 
ss degree of 5 X 1 0"6 Tonr or more) . 
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(Surface Temperature of the Base Body During the Formation of the Metallic Base Layer and/or the Ferromagnetic 
Metallic Layer) 

The surface temperature of the t)ase txxiy during the formation of the metallic base layer and/or the ferromagnetic 
metallic layer is one film growth factor which affects the value of the coercive force Independently of the material of the 
ferromagnetic metallic layer. The higher the surface temperature at which film formation is conducted, the higher the 
coercive force which can be realized, within such a range that the base kxxly is not damaged. What is meant by damage 
to the base body is external changes such as warping, swelling, cracking, or the like, arxl interrial changes, such as 
magnetization, an Increase In the amount of gas emitted, and the like. 

(Surface Roughness Ra of the Base Body) 

Examples of the surface roughness of the base body include, for example, the average center line roughness Ra 
in the case In which the surface of a disc shaped base kxxjy is measured in a radial directkin. The TALYSTEP produced 
by RANKTAYLORHOBSON Co. was used as the measuring instrument. 

When base body rotation is initiated from a stopped state, or vice versa, the surfaces of the magnetic recording 
medium and the magnetic head come into contact and rub against one another (Contact Start Stop, termed CSS). At 
this time, in order to suppress the adhesion of the magnetic head and an increase in the coefficient of friction, is preferable 
that Ra be larga On the other hand, when the maximum rotational frequency of the base txxly is reached, it is necessary 
to maintain a gap between tiie magnetic recording medium and the magnetic head, that is to say, to maintain tiie distance 
at which the magnetic head rides above the medium, so tiiat it is desirable that Ra t>e smaO. 

Accordingly, the maximum and minimum values of the surface roughness Ra of the t>ase body are appropriately 
determined from the specifications required with respect to the magnetic recording medium, for the reasons described 
above. For exanple, when the height at which the magnetic head rkies above tiie medium is 2 pJnch. Ra should be 
within a range of 6 nm - 8 nm. 

(Texture Processing) 

Exarrples of texture processing include, for example a method employing mechanical grinding, a method employing 
chemical etching, and a metfiod employing the provision of a physically irregular film. In particular, when an aluminum 
alloy t>ase body, which is most widely employed, is used as the base txxly of the magnetic recording medium, a mechan- 
ical grinding method is adopted. For example, a method is emptoyed in which tape, having on the surface tiiereof abrasive 
grain used for grinding, is applied to the (Ni-P) film provided on the surface of an aluminum alloy t>ase body while tiiis 
txise body is rotating, and thereby slight concentric scratches are created. When using tiiis metiiod. there are cases in 
which the abrasive grain used for grinding is employed so as to be free of the tape. 

(Composite Electrolytk; Polishing Processing) 

Examples of composite electrolytic polishing processing include, for example, processing which provides an oxkJe 
passivated film, having chronrmim oxide as a product thereof, on the inner walls of a vacuum chamber used during tiie 
formation of a magnetic film or the like. In tiiis case. SUS31 6L or the like is preferable for use as the material comprising 
the inner walls of tiie vacuum chamber. By means of this Processing, the amount of O2 and H2P released from tiie inner 
walls of the vacuum chamber can be reduced, so tiiat it is possible to furtiier reduce the amount of oxygen incorporated 
into the thin f Dm which is produced. 

In the magnefron sputtering apparatus (model number ILC301 3: load-lock style stationary opposition type) produced 
by Anerul>a Co. which was used in tiie present invention, the inner walls of all the vacuum chambers (the load^extraction 
chamber, the film formation chambers, and the cleaning chamber) were subjected to the processing described above. 

Brief Description of tiie Drawings 

Rgure 1 is a graph showing the relationship between tiie oxygen concentration in a CoNiCrfilm in accordance with 
Embodiment 1 and the coercive force of the medium produced. 

Rgure 2 is an image of the surface of a magnetic recording medium taken by a transmission electron microscope 
(TEM). 

Rgure 3 is an image of the surface of a magnetic recording medium taken by a transnr^ssion electron microscope 
(TEM). 

Rgure 4 is a graph showing the relationship between the oxygen concentration in a Cr film in accordance witii 
Enrbodiment 2 and the coercive force of the medium produced. 
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Rgure 5 is a graph ahowing the raladon&hip between the oxygen concentration present in a CoNICr film in accord- 
ance with Embodiment 3 and the ooerdve fbrce of the medium produced, with respect to the oxygen concentration 
present in the Cr film. 

Rgure 6 is a graph showing the relationship between the film thickness of a metallic base layer comprising Cr in 
5 accordance with Embodiment 5 and the coercive force of the medium produced. 

Rgure 7 is a graph showing the relationship between the film thickness of a metallic base layer comprising Cr In 
accordance with Embodiment 5 arxl the noise Nm of the medium produced. 

Rgure 8 is a graph showing the relationship between ttie fSm thickness of a metallic base layer comprising CoCrla 
in accordance with Embodiment 6 and the coercive force of the medium produced. 
to Rgure 9 is a graph showing the relationship between the oxygen concentration present in a CoNiCr film in accord- 
ance with Embodiment 7 and the coercive force of the medium produced. 

Rgure 10 is a graph showing the relationship between the normalized coercive force (Hc/HRS^*'") in accordance 
with Embodiment 8 and the noise (Nm) of the medium produced. 

Rgure 1 1 is a graph showing the relationship between the impurity concentration present in the Ar gas used during 
IS the formation of a ferromagnetic metallic layer and a metallic base layer in accordance with Embodiment 9. and the 
coercive force of the medium produced. 

Rgure 12 is a graph showing the relationship between the amount of stripping of the base body surface carried out 
by the cleaning processing in accordance with Embodiment 10, and the coercive force of the medium produced. 

Rgure 13 is a graph showing the results of the X-ray diffraction of the surface of a medium in accordance with 
20 Emlxxliment 10. 

Rgure 14 is a graph showing the relationship between the impurity concentration of the target used during the 
formation of a metallic base layer in accordance with Embodiment 1 1 and the coercive force of the medium produced. 

Rgure 1 5 is a graph showing the relationship between the impurity concentration of a target used during the formation 
of a ferromagnetic metallic layer in accordance with Embodiment 12. and the coercive force of the medium produced. 
26 ^gure 1 6 is a graph showing the relationship between the negative bias value applied to the base body in accordance 
with Emkxxdiment 13 and the coercive force of the medium produced. 

Rgure 17 is a graph showing the relationship between the vacuum degree attained in the film formation chambers 
in which a metallic base Ic^er and a ferromagnetic metallic layer in accordance with Embodiment 14 are formed, and 
the coercive force of the medium produced. 
30 Rgure 18 is a graph showing the relationship between the surfece temperature of the base body during the formation 
of a base metallic layer and/or a ferromagnetic metallic layer in accordance with Embodiment 15, and the coercive force 
of the medium produced. 

Rgure 19 is a graph showing the relationship between the surface tenrperature of the base body dufing the formation 
of a metallic base layer arxl/or a fenomagnetic metallic layer in accordance with EmtxxJiment 1 5. and the surface rough- 
35 ness Ra of the medium produced. 

Rgure 20 is a graph showing the relationship between the surtoce roughness Ra of a t>ase body in accordance with 
Emtxxliment 16, and the coercive force of the medium produced. 

Rgure 21 is a graph showing the relationship between the proportion of the N2 gas in the (Ar + N2) gas in accordance 
with Embodiment 1 7 and the coercive force of the medium produced. 
40 Rgure 22 is a graph showing the relationship between the proportion of H2 gas in the (Ar + Ha) gas in accordance 
with Embodiment 1 7 arxi the coercive force of the medium produced. 

Rgure 23 is a schematic view showing a magnetic recording medium. 

(Description of the References) 

46 

1 . base body. 

2. Al substrate, 

3. magnetic (Ni-P) layer. 

4. Cr base layer, 

50 5. ferromagnetic metallic layer. 
6. protective f Km. 

Best Mode for Carrying Out the Invention 

56 Hereinbelow. the present Invention will be explained in detail using Embodiments; however, the present invention 
is no way limited to these EmkxxfimentB. 
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(ErnbocGmerrt 1) 

In the present Entxxliment. the effects of limiting the oxygen concentration contained in the f erroniagnetic metallic 
layer In a magnetic recording medium in which a ferromagnetic metallic layer is Ibrmed on the surtoce of a base body 

5 with a metallic base layer in t>6tween will be explained. In order to confirm these effects, film formation was conducted 
while varying the inpurity concentration contained in the Ar gas during the formation of the fen-omagnetic metallic layer 
within a range of 10 ppb - 1 ppm. At this time, the impurity concentration contained in the Ar gas during formation of the 
metallic base layer was fixed at 1 ppm. 

The sputtering apparatus which was used In producing the medium in the present Embodiment was a magnetron 

10 sputtering apparatus (model number ILX73013: load-lock style stationary opposition type) produced by Aneruba Co., and 
the inner walls of all the vacuum chambers (the load/extraction chamber (combined with the cleaning chamber), film 
formation chamber 1 , film formation chamber 2, and film formation chamber 3) were subjected to conrposite electrolytic 
polishing processing. Table 1 shows the film formation conditions during the execution of the magnetic recording media 
of the present invention. 

IS 



[Table 1] 





ITtM 


QPT \/AI t IPQ 


20 


ni Base Bodv material 


Al-Mg alloy (provided with a lO^m thick (Ni-P) plated film) 




[2] Base Body cEameter and shape 


89 mm, disc-shaped 




[3] Base Body surface form 


Textured, Ra = 5 nm 




[4] Attained vacuum degree (Terr) 


5 X 10"7 (same in all chambers) 


25 


[5] Impurity concentration in the Ar gas 


1 0 ppb - 1 ppm (film formation chamt>er 2) 
1 ppm (other than film formation chamber 2) 




[6] At gas pressure (mTorr) 


2 (same in all chancers) 


30 


[7] Base Body surface temperature maintained C^C) 


250 (same In all chambers) 




[8] Target material (at%) 


Cr, Co62.5N<3oCr7,5, C 




[9] Target diameter (inch) 


6 


35 


[10] Impurfty concentration in target (ppm) 


120 (Cr), 20 (CoNiCr) 


[1 1] Distance between target and base body (mm) 


35 (Cr, CoNiCr, C) 




[12] Power applied to target (W) 


Direct cunrent 200 (Cr, CoNiCr) 
Direct current, 400 (C) 


40 


[13] Direct cun^ent bias applied to base txxJy during 
film formation (-Volt) 


200 (Cr). 300 (CoNiCr), 0 (C) 




[14] Rim thickness produced (nm) 


50 (Cr). 40 (CoNiCr), 20 (C) 



45 

Herelnk>elow, the production method for magnetic recording media in accordance with the present Ennt>odiment will 
be explained in order of the processes involved. The numbers in parentheses below indicate this order. 

(1) An aluminum alloy base body having a disk shape, such that the inner and outer radiuses were 25 mm and 69 
60 mm and the thickness was 1 .27 mm. was used as a base body. An (Ni-P) film having a thickness of 10 ftm was 
provided by means of a plating metfiod on the surface of the aluminum alloy euk^strate. Slight concentric scratches 
(texture) were provided on the surface of the (Ni-P) film by means of a mechanical method, and the surface roughness 
of the base tx>dy when scanned in the radial direction of the disk was such that the average center line roughness 
Ra was 5 nm. 

ss (2) The base body descrit^ed atxyve was subjected, prior to the film formatk>n described hereinbelow. to a cleaning 
process by means of mechanical arKi chemical methods, and a drying process using fK>t air and the Gke. 
(3) After the completfon of the drying process described above, the material was set in a base body holder comprising 
aluminum which was placed in the load chamber of the sputtering apparatus. After the interior of the foad chamber 
was evacuated to an attained vacuum degree of 1 X 10~7 Tonr by means of a vacuum exhaust apparatus, the base 
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body wa& Gubjected to a heating process using an infrared lamp at a tenperature of 250*^0 and for a period of five 
minutes. 

(4) The t>ase body holder desaibed above was moved from the load chamber to the film formation chamber 1 for 
Cr film production. After being moved, the base body was maintained at a temperature of 250^*0 using an Infrared 

5 lamp. However, the film formation chamber 1 was evacuated in advance to an attained vacuum degree of 3 X 10~9 

Torr, and after nxTving the base body holder, the door valve between the load chamber and film fonnation chamber 
1 was dosed. The impurity concentration of the Cr target which was employed was 120 ppm. 

(5) Ar gas was introduced into film formation chamber 1 , and the gas pressure of film formation chamber 1 was set 
to 2 mTon-. Ihe impurity concentration contained in the Ar gas which was used was fixed at 1 ppm. 

10 (6) A voltage of 200 W was applied to the Cr target from a direct current power source and a plasma was generated. 
As a result, the Or target was caused to sputter, and a Cr layer having a thickness of 50 nm was formed on the 
surface of the base body which was in a position of parallel opposition to the target. 

(7) After forming the Cr layer, the base body holder was moved from film formation chamljer 1 to the film formation 
chancer 2 for CoNiCr film production. After being moved, the base Ixxly was maintained at a temperature of 250**C 

IS by means of an infrared lamp. Film formation chamber 2 was evacuated to an attained vacuum degree of 3 X 10~9 
Torr. and after the base body holder was moved, the door valve between film formation chamber 1 and film formation 
chant)er 2 was closed. The target composition which was used was 62.5 at% Co. 30 at% Ni. and 7.5 at% Cr. and 
the impurity concentration of the target was 20 ppm. 

(8) Ar gas was introduced into film formation chamber 2 and the gas pressure of film formation chaml^er 2 was set 
20 to 2 mTorr. The inpurity concentration contained in the Ar gas which was employed was varied within a range of 1 0 

ppb - 1 ppm. 

(9) A voltage of 200 W was applied to the CoNiCr target from a direct current power source, and a plasma was 
generated. As a result, the CoNiCr target was caused to sputter, and a CoNiCr layer having a thickness of 40 nm 
was formed on the surface of the base body coated with a Cr layer, which was in a position of parallel opposition to 

25 Ihe target. 

(10) After the CoNiCr layer was formed, the base body holder was nrxjved from film formation chamber 2 to film 
formation chamber 3 for G film production. After being moved, the base body was maintained at a tenperature of 
250'*C by means of an infrared lamp. Rim formation chamber 3 was evacuated In advance to an attained vacuum 
degree of 3 X 1 0"« Torr, and after the base body hoMer was moved, the door valve between film formation chamber 

30 2 and film formation chamber 3 was closed. 

(11) Ar gas was introduced into film formation chamber 3, and the gas pressure in film formation chamber 3 was 
set to 2 mTorr. The Impurity concentration contained in the Ar gas which was employed was fixed at 1 ppm, 

(12) A voltage of 400W was applied to the C target from a direct current power source and a plasmfi was generated. 
As a result, the C target was caused to sputter, and a C layer having a thickness of 20 nm was formed on the surface 

35 Of the base body, which was provided with a CoNiCr and a Cr layer, and which was in a position of parallel opposition 
to the target 

(13) After the C layer was formed, the base body holder was moved from film formation chamber 3 to the extraction 
chamt>er. 

40 After this, N2 gas was introduced into the extraction chamber, and after the pressure was returned to atmospheric pres- 
sure, the base body was renrwved. By means of processes (1) - (12) described above, a magnetic recording medium 
having a C/CoNiCr/Cr/NiP/AI structure was produced. 

Targets were employed in which the presence of impurities was strictiy suppressed. The amounts of impurities in 
the target used for Cr formation were as follows: Fe:88, Si:34. Al:10, C:60. 0:120, N:60. H:1.1 (wtppm) Furthemiore, 

45 the conposilion of the target used for femomagnetic metallic layer formation was Ni59.2 al%. Cr:7.3 al%. and Co: bal. 
The irrpurities were as follows: Fe:27, Si<10. Al<10. C:30, 0:20, and N>10 (wippm). 

In Rgure 1 , the magnetic characteristics of the medium which was produced are indicated by a white circle. Tlie 
horizontal cods in Rgure 1 indicates the oxygen concentration in the CoNiCr film. The measurement of tiiis oxygen 
concentration was conducted by means of SIMS. The vertical axis in Rgure 1 indicates the coercive force He in the 

so drcumforential direction of the sample at tiiis time. 

Conventionally, tiie impurity concerttration present in the Ar gas which was employed during the fomiation of a 
ferromagnetic metallic layer comprising CoNiCr was 1 ppm. Furtiiernwre, the oxygen concentration present in the CoNiCr 
layer in a conventional medium was 260 wtppm, and the coercive force of a conventional medium is indicated in Rgure 
1 tsy a black ctrde. 

65 In ttie present Embodiment, as shown in Rgure 1 . by maintaining ttie oxygen concentration-present in tiie CoNiCr 
film at a level of 100 wtppm or below, ttie coercive force increased dramatically, and a level of 90 wtppm or below was 
particularly advantageous. It was separately observed that the saturation magnetization values at tiiis time were essen- 
tially constant 
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Figures 2 and 3 are images of the surfaces of the various mecGa described abcve taken usi ng a transmission electron 
microscope (TEM); Figure 2 shows the case in which the oxygen concentration In the fHm was 90 wtppm. while Rgure 
3 indicates the case in which tlie oxygen concentration was 140 wtppm. It was determined that in the film shown in 
Rgure 2. the grains were uniform and a fine film was obtsuned. while in Rgure 3, the outlines of the crystals were unclear. 
5 Accordingly, it was judged that if the oxygen concentration in the ferromagnetic metallic layer was held at a level of 
100 wtppm or less, the coercive force obtained in the case in wfiich the oxygen corKentration present in a conventional 
ferromagnetic metallic layer comprising CoNiCr was 260 wtppm could be increased by 50% or more. That is to say even 
if Pi Was not contained in the magnetic layer, by reducing the oxygen concentration in the ferromagnetic metallic layer, 
it was possible to realize a medium applicable to high recording densities. 

10 

(Embodiment 2) 

In the present Emt^iment, the effects of a limitation of the oxygen concentration contained in the metallic t>ase 
layer in a magnetic recording medium in which a ferromagnetic metallic layer is formed on the surface of a t>ase kxxiy 

IS with a metallic base layer in between will be discussed. In order to confirm these effects, the impurity concentration 
contained in the Ar gas during the formation of the metallic base layer was varied within a range of 10 ppb - 1 ppm and 
film formation was conducted. At this time, the impurity concentration contained in the Ar gas during formation of the 
ferromagnetic metallic layer was fixed at 1 ppm. 

Other points were identical to those in Embodiment 1 . 

20 In Rgure 4. the magnetic characteristics of the media obtained are indicated by white circles. The horizontal axis 
in Figure 4 indicates the oxygen concentration present in the Cr film. The measurement of the oxygen concentration 
was conducted by means of SIMS. In Rgure 2, the vertical axis indicates the coercive force He in the circumferential 
direction of the sample at tiiis time. 

Conventionally, the impurity concentration present in the Ar gas wfiich was employed during formation of the metallic 

25 base layer conrprising Cr was 1 ppm. Furthermore, the oxygen concentration in the Cr film in a conventional medium 
was 260 wtppm arKi the coercive force of the conventional medium is indicated in Rgure 4 by the t^ack circles. 

In tine present Embodiment as shown In Rgure 4, by means of keeping the oxygen concentration present in the Cr 
f flm at a level of 1 00 wtppm or less, an effect was obtained of an increase in tiie coercive force. It was separately observed 
tfiat the saturation magnetization values at this time were essentially constant. 

30 Accordingly it was judged that by keeping the oxygen concentration present in tiie magnetic base layer at a level 
of 1 00 wtppm or less, the coercive force ot>tained in the case in which the oxygen concentration in a conventional metallic 
t>ase layer comprising Cr was 260 wtppm could be increased l>y 30% or more. That is to say. even though no Ft was 
contained In the magnetic layer, by reducing the oxygen concentration in tiie metallic ft>ase te^er. it was confirmed that 
a medium applicable to high recording densities could be realized. 

35 

(Embodiment 3} 

In the present Embedment, the effects of a limitation of the oxygen concentration contained in the ferromagnetic 
metallic layer and tiie oxygen concentration contained in the metallic t^ase layer in a magnetic recording medium in which 

40 a ferromagnetic metallic layer is formed on the surfece of tiie base body with a metallic base layer in between, are 
cGscussed. In order to confirm these effects, the impurity concentration contained in the Ar gas during the formation of 
the ferromagnetic metallic layer was varied within a range of 10 ppb - 1 ppm, and film formation was conducted. At tills 
time, the impurity concentration contained in the Ar gas during formation of ttie metallic base layer was fixed at 1 .5 ppb. 
Other points were identical to those in Embodiment 1 . 

45 In Rgure 5, the magnetic characteristics of the media produced are shown by a white circle. The horizontal axis in 
Rgure 5 indicates tiie oxygen concentration in the CoNiCr film. The measurement of the oxygen concentration was 
conducted by means of SIMS. The vertical axis in Rgure 5 indicates the coercive force He in the circumferential direction 
of the sample at this time. 

In the present Embodiment as shown in Figure 5, by keeping the oxygen concentration in tiie CoNiCr film and the 
so oxygen concentration in the Cr film together at a level of 1 00 wQspm or less, an effect of a furtiier increase in the coercive 
force was obtained. It was separately observed that the saturation magnetization values at this time were essentially 
constant 

Accordingly, it was judged tfiat if the oxygen concentration in the ferromagnetic metallic layer and the oxygen con- 
centration in the metallic base l£^er were togetiier kept at a level of 100 wtppm or less, it was possfote to increase the 
ss coercive force of ttie conventional medium by 100% or more (that is to say. to double it). Thus, it was confirmed that 
even though no Pi was contained in ttie magnetic layer, by reducing the oxygen concentration in the ferromagnetic 
metallic layer and tfie metallic base layer, it was possible to realize a medium which was suffidentty applicable to a high 
recording density. 
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(Embodiment 4) 

In the present Embodiment in place of tlie C062.5 * Niso - Ctj s <^ Embodiment 3, the following 5 types of all ys 
were employed as the Cr group alloy target used for foirming the fenwiagnetic metallic layer: Coss s - Crio.5 " Ta*. C075 
5 - Cri3 - R12. C070 - Niao - Ptio. Cosa.s - Nize - Ctj.s • Ta*. and Ck>75.5 -Ctio s • ^84 - Ptio Here, the number following 
each element indicates the proporti n of that element in (at%). 
Other points were identical to those shown in Embodiment 3. 

In the present Embodiment it was confirmed that In^espectlve of a change in the proportion of the elements com- 
prising the Co group alloy, by maintaining the oxygen concentration present in the Co group alloy film and the oxygen 

10 concentration present in the Cr film together at a level of 100 wtppm or less, the coercive force was increased by 50% 
or nrx>re with all Co group alloys. 

Accordingly, it was judged that the tendency for the coercive force to inaease when the oxygen concentration in the 
ferromagnetic metallic layer and the oxygen concentration in the metallic base layer were together kept at a level of 100 
wtppm or less was possible so long as the target forming the ferromagnetic metallic layer was a Co group alloy. In 

15 particular, when the C062.5 - NI30 - Cry g alloy, the C085.6 -Crio.s ■ Ta4 alloy, or the C082.5 " Niae - Cry g - Ta4 alloy was 
enrployed. the coercive force was increased by 100% or more in conparison with the conventional medium, so that 
these alloys are preferably employed. 

(Embodiment 5) 

20 

In the present Embodiment the effects of a limitation of the thickness of the metallic base layer in a magnetic 
recording medium in which a ferromagnetic metallic layer is formed on the surface of a base body with a metallic base 
layer in between, are discussed. In order to confirm these effects, the thickness of the metallic base layer was varied 
within a range of 0-100 nm, and film formation was conducted. At this time, a C085.5 *C»'10.5 * Ta* alloy was employed 
25 as the ferromagn^ic metallic layer, and the thickness thereof was fixed at 40 nm. 

Other points were klentical to those in Embodiment 3. 

In Rgure 6, the magnetic characteristics of the media produced are indicated by white circles. The horizontal axis 
In Rgure 6 indicates the thickness of the metallic base layer comprising Cr. The vertical axis in Rgure 6 indicates the 
coercive force He in the circumferential direction of the sample at this time. Furthermore, as a comparative example, a 
30 conventional medium fin which the oxygen concentratfon in the CoCrTa film and the oxygen concentration in the Cr film 
were both 260 wtppm) was evaluated in an kientical manner. The results thereof are shown by tiie black circles in Rgure 6. 

It was determined from Rgure 6 that when the thickness of the Cr metallic base layer was 2.5 nm or nrx}re, the 
coercive force of the medium of the present Embodiment had a value which was equal to or greater than the maximum 
value of the conventional medium. Furtiiermore. when the thickness of the Cr metallic base layer was 5 nm or more, a 
35 high coercive force of 2000 Oe couki be realized, so that this was further preferable. 

Rgure 7 shows the relationship between the thickness of the metallic base layer comprising Cr and the noise N of 
the medium produced. In the Rgure, the white circles indicate the media of tiie present Embodiment while the black 
circles indicate a conventional medium. 

Table 2 lists the evaluation mettiods and conditions for measuring the noise described above. Solely the thickness 
40 of ttie Cr layer was made variable witiiin a range of 1 nm - 1 0Onm. and ottier conditions were fixed. 



45 
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[Table 2] 



1. Measurement method 

Using bhe RWA501B produced by Guzik Co. and a spectral 
analyzer as the testing equipment for recording and playback, 
the level o£ medium noise was measured under the following 
measurement conditions > 



2. Measurement conditions 

Medium: Medium diameter and shape = 89 mm, disc-shaped 
Medium base body = NiP/Al 

Structure = C (20nm)/CoNiCr (40nm)/Cr (d)/base body 
Thickness d of the Cr layer = 1 nm - 100 nm 
Product of the residual magnetic flux density and the 
thickness of the magnetic layer = 240 Gp,m 
Circumferential speed during disk rotation =12 m/sec 

Head: Type = Thin film head 

Pole length = 3.2 ^tm (both upper and lower peirts) 

Gap length = 0.3 nm 

Track width = 6,0 \im 

Number of coil turns = 42 turns 

Height above medium = 60 nm (from the surface of 
the medium) 

The medium noise N (unit; jiVrms) was defined by the following 
formula. 

N(fo) = V {(Af)-i/o*»«E(Nto(f,fo))2 - (Ne(f))2]df> 
: Km(f ) = medium noise spectrum 

Ne(f) = electrical cixcuit noise spectrum 

Bandwidth Af = 30 kHz 

Maximum frequency fmax — 20 MHz 
Writing frequency fp = 14 MHz 



From Rgure 7 it vwas determined that when the thidoiess of the Cr metallic base layer was kept at a level of 1 00 nm 
or less, the noise of the medium of the present Embodiment had a value equal to or less the minimum value of the 
conventional medium. Furthermore, when the thickness of the Cr metallic base layer was 50 nm or less, a 1 0% or greater 
reduction in medium noise coukJ be realized, so that this was further preferable. 

Accordingly, in the present Embedment, when the thickness of the metallic base layer comprising Cr was within a 
range of 2.5 nm - 100 nm, media could be obtained which had higher coercive forces or lower levels of medium noise 
in comparison with conventional media. Furthernrwre, when the thickness of the metallk; base layer comprising Cr was 
restricted to a range of 5 nm - 50 nm, a medium could be realized which was superior with respect to both coercive force 
and medium noise in comparison with the conventional medium, so that this was further preferable. 

(Embodiment 6) 

In the present Embodiment, the effects of a reslrictfon of the thickness of the fenomagnetic metainc layer, In a 
nuignetic recording medium in which a ferromagnetic metallic layer is formed on the surfac of a base body with a 
metallic base layer in between, will be discussed. In order to confirm these effects, the thtekness of the fenomagnetic 
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metalBc layer was varied within a range of 1 nm - 40 nm and and film formation was conducted. At this time, the thickness 
of the metallic base layer was nx&d at 50 nm. 

Other points were identical to those in Embodiment 3. 

In Rgure 8. the magnetic characteristics of the media produced are Indicated by white circles. The horizontal axis 
5 in Figure 8 shows the thickness of the metallic base layer comprising CoCrTa. The vertical axis in Rgure 8 indicates the 
coercive force He in the drcumfferential direction of the sample at this time. Furthermore, as a comparative example, a 
conventional medium (in which the oxygen concentration in the CoCrTa film was 260 wtppm) was similarly evaluated. 
The results thereof are shown by the black circles in Rgure 8. 

It was determined from Rgure 8 that when the thickness of the ferromagnetic metallk; layer was within a range of 
10 2.5 nm - 40 nm, a medium could be obtained which had a higher coercive force than that of the conventional medium. 
Furthermore, when the thickness of the ferromagnetic metallic layer was restricted to a range of 5 nm - 20 nm, it was 
possible to realize a coercive force of 2500 Oe or more. Conventionally, when the thickness of the fenromagnetic metallic 
layer was reduced to 20 nm or less, a large scale reduction in coercive force was observed; however, by means of the 
present invention, a satisfactory coercive force Is obtainable at thicknesses of 20 rm or less, and it is thus possible to 
IS increase the freedom of medium design. 

(Emtxxiiment 7) 

In the present Embodiment, the effects of a restriction in the oxygen concentration contained in the ferromagnetic 
20 metalHc layer, in a magnetic recording medium in which a ferromagnetic metallic layer is formed on the surface of a base 
kxxjy, will t>e discussed. In order to confirm these effects, the impurity concentration contained in the Ar gas during the 
formation ofafenronriagnetic metallic layerwas varied withinarange of 1^ ppm, and film formation was conducted. 

The sputtering apparatus used in the production of the medium in the present Embodiment was a magnetron sput- 
tering apparatus (model number ILC3013: load-lock style stationary opposition type) produced by Aneruba Co., as in 
25 Embodiment 1 . Table 3 shows the film formation cfiaracteristics during the production of the magnetic recording medium 
in the present Emkxxiiment. 



[Table 3] 



30 


ITEM 


SET VALUES 




[1] Base Body material 


Al-Mg alloy (provided with a 1 0ftm thick (Ni-P) plated film) 




[2] Base Body diameter and shape 


89 mm, disc-shaped 


35 


[3] Base Body surface form 


Textured Ra « 5 nm 




[4] Attained vacuum degree CTorr) 


5 X 10~7 (same in all chambers) 




[51 Impurity concentratton in the Ar gas 


10 ppb - 1 ppm (film formation cfiamber 1) 




[6] At gas pressure (mTorr) 


2 (film formation chamber 1) 


40 


[7] Base Body surface temperature maintained (""C) 


230 (same In all chambers) 




[8] Target rraterial (at%) 


CossCris 




[9] Target diameter (inch) 


6 


45 


[10] Impurity concentration in target (ppm) 


20 




[1 1] Distance between target and base body (mm) 


35 




[12] Power applied to target (W) 


Direct current, 200 


SO 


[13] Direct cun-ent bias applied to base body during 
film fonnatlon (-Volt) 


300 




[14] Rm thickness produced (nm) 


100 



55 Hereinbelow, the steps frivolved in the production method for magnetic recording media in accordance with the 
present Enixxiiment will be explained in order. The nurhbers in parentheses t^elcw indicate this order. 

(1) An aluminum alloy sul>strat6 having a disk shape, such that the inner and outer diameters were 25 mm and 89 
nm respectively, and the thickness was 1.27 nm, was used as the base body A (Ni-P) fflm having a thickness of 
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lOpm was provided on the surface of the aluminum alio/ 8i^>strate tsy means of a plating method. Slight concentric 
scratches (texture) were provided In the surtoce of the (Nl-P) film t>y means of a mechanical method, and the surface 
roughness of the base body when scanned in the radial direction of the disk was such that the average center line 
roughness Ra was 5 nm. 

5 (2) The t>ase body described abcve was subjected, prior to the film formation described below, to a cleaning process 

using mechanical and chemical methods, arKf to a drying process using hot air and the like. 

(3) When the drying process described above was complete, the base body was set in a base body holder, the 
material of which was aluminum, which was placed in the load chamber of the sputtering apparatus. After the interior 
C7f the k>ad chamber was eracuated to an attained vacuum degree of 3 X 10~9 Torr using a vacuum exhaust appa- 

10 ratus. a heating process was conducted with respect to the base kxxty at a temperature of 230 and for a period 
of 5 minutes and using an infrared lamp. 

(4) The base body holder was then moved from the k>ad chamber to film formation chamber 1 for CoCr f im produc- 
tion. After being moved, the base body was maintained at a temperature of 230*^0 using an infrared lamp. Film 
formation chamber 1 was evacuated in advance to an attained vacuum degree of 3 X 10~9 Torr, and after the l>ase 

15 body holder was moved, the door valve between the load chamber and the film formation chamber 1 was closed. 
The impurity concentration of the CoCr target which was used was 20 ppm. 

(5) Ar gas was introduced into film formation chamber 1 , and the gas pressure within film formation chamber 1 was 
set to 2 mTorr. The impurity concentration contained in the Ar gas which was employed was varied within a range 
of 10ppb- 1 ppm. 

20 (6) A voltage of 200 W was applied to the CoCr target from a direct cun^ent power source, and a plasma was 
generated. As a result, the CoCr target was caused to sputter, and a CoCr layer having a thickness of 100 nm was 
formed on the surface of the base txxly. which was placed in a position of parallel opposition to the target. 
(7) After the formation of the CoCr layer, the base body holder was moved from film formation chamber 1 to the 
extraction chamt>er. After this. N2 gas was introduced into the extraction chamber, and once the pressure within 

25 was returned to atnK)spheric pressure, the t>ase body was rewoved. By means of processes (1) - (6) described 
akxive. a magnetic recording medium having a CoCr/NiP/AI structure was produced. 

A target was used in which tiie presence of impurities was strictiy suppressed. The oorrposition of the target used 
was as follows: 85 at% Co and 1 5 al% Cr, and the impurity concentration of the target was 20 ppm. The impurities were 
30 as follows: Fe:27. Si<10. Al<10. C:30. O50. N>10 (wtppm). 

In Rgure 9. the magnetic characteristics of the media produced are indicated by a white circle. The horizontal axis 
in Rgure 9 indicates the oxygen concentration within the CoNiCr film. TTie measurement of the oxygen concentration 
was conducted by means of SIMS. The vertical axis in Rgure 9 indicates the coercive force He in the circumferential 
direction of tfre sample at this time. 
35 Conventionally, the impurity concentration present in the Ar gas used during the formation of a ferromagnetic metallic 
layer comprising CoCr was 1 ppm. Furthermore, the oxygen concentration in the CoCr film of a conventional medium 
was 260 wtppnx and the coercive force of a conventional medium is indicated in Rgure 9 by a black circle. 

In the present Embodiment as shown in Rgure 9. by keeping the oxygen concentration in the CoCr film at a level 
of 100 wtppm or less, an effect of a great increase in the coercive force in a direction perpendicular to tiie film surface 
40 was obtained. It was separately observed that the saturation magnetization values at tiiis time were essentially constarit. 
Accordingly, if the oxygen concentration of the fenomagnetic metallic layer is kept at a level of 100 wtppm or less, 
it is possible to realize an increase of 20% or more in the coercive force obtained when the oxygen concentration in a 
conventional ferromagnetic metallic layer comprising CoCr was 260 vtrtppm. That is to say, by reducing the oxygen con- 
centration in the ferromagnetic metallic layer, it was confirmed that ft was possible to realize a medium which was appli- 
45 cabUe to high recording densities. 

Furthermore, in the present Embodiment, tiie case was descrbed in which, in a magnetic recording medium in 
which a ferromagnetic metallic layer was formed on the surface of a base body, tiie ferromagnetic metal lie layer comprised 
CoCr; however, the same trends were confirmed when tfie ferromagnetic metallic layer comprised CoCrTa and CoR. 
Furtiiemxxe, even in the case in which the ferromagnetic metallic layer was provided on tiie surface of tfie base 
60 body with a soft magnetic f flm, for example. NiFe. CoZrNb, or the like, in between. Wentical effects were obtained. 

In tiie Embodiments above, a Ni-P/AI substrate was employed as the base body; however, it was confirmed that the 
present invention is effective even when a non-magnetic layer was provided on the surface of the base body, for example, 
when a glass sut^strate having Ti. C. or tiie like formed ttiereon was employed. 

55 (Embodiments) 

In the present Embodiment, the effects of a reduction In tiie normaDzed coercive force (expressed by Hc/Hk^^, 
in a magnetic recording medium in which a fenx>magnetic metallic layer is formed on tiie surface of tfie base body with 
a metallic base layer in between, are discussed. In order to confirm tiiese effects, the inpurity concentration contained 
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in the Ar gas during the formation of lx>th the ferronnagnetic metallic layer and the metallic bas layer was varied within 
a range of 1 0 ppb to 1 ppm, and film formation was conducted. At this time, the material used for the metallic base layer 
was Cr. and the thickness thereof was fixed at 50 nm. Furthermore, six types of Co group alloy were used for the 
ferromagnetic metallic layer, and the thickness thereof was fixed at 40 nm. Th six types of Co group alloy were: C062.5 
5 - Niso - Cry s. C085.5 ■ Crio.5 • Ta4. C076 - Oris - R12. C070 - NI20 - Ptio. C082.5 - - Cry .5 -Ta4. and C075.5 - Cr^o s - 
Ta4 - Ptio- Here, the numbers following each element Indicate the proportion of that element in (at%). 
Other points were identical to those of Embodiment 3. 

In Rgure 1 0, the magnetic characteristics of the media produced are indicated by a white circle. The horizontal axis 
in Figure 10 indicates the normalized coercive force (Hc/HK^™"), and the vertical axis in Rgure 10 indicates the level of 
10 noise N in the media produced. The measurement method and conditions for the level of medium noise were identical 
to those in Embodiment 5. Furthermore as a comparative example, an identical evaluation was conducted with respect 
to a conventional medium (in which the oxygen concentration in the ferromagnetic metallic layer was 260 wtppm). The 
results thereof are shown by the black circles in Rgure 10. 

The values of the normalized coercive force for each Go alloy shown in Figure 10 are listed in Table 4. 

15 



(Table 4] 



Composition (at%) 


Normalized coercive force in the present Embodiment 


Normalized coercive force in 
the Comparative Example 


CO62.5-Ni30-Cr7 5 


0.40 


0.18 


Co85.s*Crio.5"Ta4 


0.42 


0.28 


Co76-Cri3-Ri2 


0.38 


0.19 


CO70-Ni20-Ptl0 


0.35 


0.20 


C082.5-Ni26-Cr7 5-Ta4 


0.41 


0.24 


Co75.5-Cr-io.5-Ta4-Ptio 


0.38 


0.25 



30 

It was determined from Figure 10 that irrespective of the material used for the ferromagnetic metallic layer, the media 
of the present Embodiment possessed a high normalized coercive force of 0.3 or more, in comparison to the normalized 
coercive force of the conventional media, which were less than 0.3. Furthermore, with respect to the level of medium 
35 noise, this level was lower in all the media in accordance with the present Embodiment than in the conventional media. 
Inddentalty, the upper limit of the normalized coercive force is theoretically indicated to be 0,5 when the crystal grains 
are completely isolated; however, in systems such as thin films having some random portions, this value is smalle- than 
0.5. 

Accordingly, by means of restrteting the normafized coercive force (Hc/Hk«'^ of the ferromagnetic metallic layer 
40 to a range from 0.3 to less than 0,5. it was confirmed that it is possible to realize a medium having a low level of noise 
which is applicat)le to high recording densities. 

In the Embodiment given above, a Ni-P/AI substrate was employed as the base body; however, it is also possit»le 
to use Al. glass. Si, Tl, C. ceramics, plastics, resins, and any one of these having metallic films or insulating films formed 
thereon. 

45 

(Embodiment 9) 

In the present En*odiment the effects of a restriction, to a level of 10 ppb or less and a \e/e\ of 100 ppt or less, of 
the impurity concentration in the Ar gas used in film formation, in a manufacturing method for magnetic recording media 

so in which a metallic base layer and femomagnetic metallic layer are successively formed on the sirface of a base body 
by means of a sputtering m^hod, will be explained. In order to confirm these effects, the impurity concentrations con- 
tained in the Ar gas during formation of the ferromagnetic metallic layer and the metallic base layer were varied within 
a range of 10 ppt - 10 ppm, and film fonmation was conducted. 
Other points were identical to those in Emtxxliment 3. 

65 In Rgure 1 1. the magnetic characteristics of the media produced are indicated by wfiite circles. The horizontal axis 
in Rgure 1 1 indicates the impurity concentration contained in the Ar gas during the formation of the ferromagnetic metallic 
l^er and tiie metallic base layer, while the vertical axis in Rgure 1 1 1ndicates the coercive force He in the circumferential 
direction of the sanrple at this time. Furthermore, the results obtained with respect to a conventional medium are indicated 
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with black drdes, as a corventional example. The impurity concentration contained in the Ar gas used in the production 
of a conventional medium Is 1 ppm or more. 

It was determined from Rgur 1 1 that when the impurit/ concentration contained in the Ar gas was kept at 1 0 ppb 
or less, it was possible to obtain a medium having a coercive torce which was 30% or more higher than that conventlonaily 
5 obtainable. Furthermore, when the impurity concentration contained in the Ar gas was kept at a level of 1 00 ppt or less, 
it was possible to realize a coercive force which was 50% or more higher than that conventionally obtainable, so that 
this is further preferable. 

Furthermore, it was separately confirmed that the above effects were obtainable even when a Co group alloy layer 
was directly formed on the surface of the base IxxJy without an intervening metallic base layer. 

10 

(Embodiment 10) 

In the present Embodiment, the effects of conducting cleaning processing with respect to the surface of the base 
body prior to forming the metallic base layer will be discussed. The cleaning method empbyed to confirm these effects, 
15 and the order thereof, are as given below. 

(1) The base body comprising an aluminum alloy substrate which was employed in Embodiment 3 was first placed 
within a cleaning chamber. arxJ this chamber was then evacuated to a vacuum degree of 6 X 10"7 Torr. 

(2) The base body was heated for a period of 5 minutes using an infrared lamp so that the surface temperature 
20 thereof reached 230*C. 

(3) Ar gas having an impurity concentration of 1 0 ppb was introduced into the cleaning chamber, and the gas pressure 
was set at 1 mTon*. 

(4) A voltage was applied to the base body from an RF power source, and a cleaning process was conducted. The 
conditions of this were such that the power density was 2.5 W/cni2. and the cleaning rate was 0.013 nm/sec; by 

25 altering the cleaning period, the amount which was stripped was varied witiiin a range of 0.2 - 4 nm. 

(5) After tiiis, a Cr film was formed as a metallic base layer on the surface of tiie base txxly. a CoNiCr film was 
formed as a ferromagnetic metallic layer, and a C film was formed as a protective layer. TTie film formation conditions 
thereof were identical to those given in Embodiment 3. 

30 In Rgure 12, the relationship b^een tiie amount stripped from the base body surface by means of tiie cleaning 
described above and the coercive force of the media produced is shown. The horizonfal axis shows the cleaning time 
with respect to tiie surface of the (Ni-P) fayer. 130 seconds con-esponds to an amount stripped of 2.4 nm. The vertical 
axis indicates the coercive force of the medium at this time; He (dr) indicates tiie coercive force off the disc shaped base 
body in tiie circumferential direction, while He (rad) shows ttie coercive force in tiie radial direction, and these are rep- 

35 resented by, respectively, white circles and white squares. Furtherrrwre, as a comparative example, the coercive forces 
of media which were subjected to cleaning using Ar gas having an impurity concentration of 20 ppb are indicated by 
black circles and k)lack squares. 

As shown in Rgure 12, when ttie anwunt stripped from tiie base body surface by means of the cleaning process 
was witiiin a range of 0.2 nm • 1 .0 nm, the coercive force increased in tiie circumferential direction and the radial direction. 

40 and furtfiennore. it was also possible to alter the ratio Hc(ciryHc(rad) of the coercive forces. It was detennined ttiat a 
range of 0.3 nm - 0.6 nm was particulariy advantageous for this increase in tiie coercive force. 

Figure 1 3 shows the results of an X-ray diffraction of each medium surface at tiiis time; it indicates tiiat tiie crystalline 
structure of the Cr base fayer and tiie crystalline structure off tiie Co alloy fayer thereon are altered by the cleaning 
process, and if ttie amount stripped is too great the diffraction peaks of Cr (200) and CoNiCr (1 10) disappear 

45 Accordingly, it was detennined tiiat conducting a deaning process which strips the approprfate amount from tiie 
surface of the t>ase body prior to formation of a metallic base layer is effective in tiie realization of a high coercive force. 
This effect was also confirmed witii other Co group alloys, for example Cogs s - Cr^o.s ■ Ta4. C075 - Cri3 - R12. C070 - 
Ni20 - Ptio, C082.5 - Ni26 - Cry g - Ta4, and C075.5 - Crio.5 - Ta4 - Ptio- Here, tiie numbers following each element indicate 
the prxjportion of tiiat element in (at%). Furtfiennore, it was separately conf irnied tiial the effects described above were 

so also obfainable when a Co group alfoy fayer was provided directiy on the surface of the t)ase body wittiout a mefallic 
base layer in between. 

(Embodiment 11) 

55 In tiie present Embodiment, ttie effects of a restriction of tiie impurity concentration of ttie target used in ttie formation 
off ttie metallic base layer to a level off 150 ppm or less will be discussed. In order to oonffirm ttie effects, tiie impurity 
concentration contained In the target used in the formation of a metallic base layer comprising Cr was varied within a 
range of 50 ppm • 300 ppm, and film formation was conducted. At this time, the impurity concentration in the CoNiCr 
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target which was used to form the ferromagnetic metallic layer was 20 ppm. Furthermore, the impurity concentration in 
the Ar gas used during the formation of the metalGc base layer and the ferromagnetic metallic layer was 1 .5 ppb. 
Other points were identical to those in Embodiment 19. 

In Figure 14. the relationship between the impurity concentration in tiie target used during the formation of tiie 
5 metallic base layer and the coercive force of tiie media produced is shown. The vertical axis shows the values of the 
coercive force in the circumferential direction of the disc shaped base bodies. 

As shown in Figure 1 4. it was determined tiiat when the impurity concentration in the target used during the formation 
of the metallic base layer was kept at 1 50 ppm or less, the coercive force of the media dramatically increased. 

10 (Embodiment 12) 

In the present Embodiment, the effects of a restriction of the impurity concentration in tiie target used during the 
formation of the ferromagnetic metallic layer to a level of 30 ppm or less will be discussed. In order to confirm the effect. 
Cogs 5 - Cr^o.s - Ta4 was used as the target during the formation of the fenomagnetlc metallic layer, and the Impurity 
15 concentration contained in this target was varied within a range of 5 ppm - 200 ppm. and film formation was conducted. 
At this time, the impurity concentration in the Cr target used to form the metallic base layer was 120 ppm. Furthernx>re. 
the irrpurity concentration In the Ar gas which was used during the formation of tiie metallic base layer and the ferro- 
magnetic metallic layer was 1 .5 ppb. 

Other points were Identical to those in Embodiment 1 9. 
20 In Fi^re 15. the relationship between the impurity concentration of tiie target used during tiie formation of the 
ferromagnetic metallic layer and the coercive force of the media produced is shown. The vertical axis indicates the values 
of the coercive force of the disc shaped base bodies in the circumferential direction. 

Asshownin Rgure 15, Itwas determined that when the impurity concentration ofthetarget used during tiie forrriation 
of the ferromagnetic metallic layer was kept at 30 ppm or less, the coercive force of the media dramatically inaeased. 

25 

(Embodiment 13) 

In the present Embodiment, the effects of applying a negative bias to the base body during tiie formation of tiie 
metallic base layer and/or the ferromagnetic metallic layer will be discussed. In order to confirm these effects, the value 
30 of the applied bias mentioned above was varied within a range of 0 - -500V, and film formation was conducted. Furtiier- 
more. 3 combinations of layers were executed while applying a bias (only a metallic t»ase layer, only a ferromagnetic 
metallic layer, and both a metallic base layer and a ferromagn^c metallic layer). At tills time, the impurity concentration 
in the Cr target used to form the metallic base layer was 120 ppm and the impurity concentration in the CoNiCr target 
used to forni the ferromagnetic metallic layer was 20 ppm. Furthermore, tiie impurity concentration in the Ar ^s used 
35 during the formation of the metallic base layer and the fenomagnetic metallic layer was 1 .5 ppb. 
Other points were kJentical to tiiose in Entedlment 19. 

In Figure 1 6, the relationship between the negative bias applied to the base body and the coercive force of the media 
produced is shown. The vertical axis indicates ttie values of the coercive force of tiie disc shaped base bodies in tiie 
circumferential direction using white circles. Furtfiermore, an klentfoal evaluation was corxJucted with respect to a con- 

40 ventional medium Qn which boUi the oxygen concentration in the CoNiCr f flm and tiie oxygen concentration in tiie Cr 
film were 260 wtppm) as a comparative example. These results are shown in Rgure 16 by black circles. 

As shown In Rgure 16, the coercive force of tiie medium Inaeased even when a bias was applied only during tiie 
formation of one or the otfier layers; however, when a bias was applied during the formation of botti layers, tiie coercive 
force was further increased, so that this more preferable. Furthermore, rt was detemiined that if the applied bias value 

45 Is restricted to a range of -1 00 V - -400V. an increase of 1 0% or more in the coercive force can be realized in comparison 
to the case in which a bias is not applied. 

(Emtxxfiment 14) 

so In the present Embodiment the effects of setting tiie vacuum degree attained In tiie film formation chambers in 
which the metallic base layer and/or the ferromagnetic metallic layer is formed to a level of 8 X 10~8 Torr or less will be 
discussed. In order to confirm these effects, tiie value of ttie attained vacuum degree in the film formation chambers 
used for the formation of the metallic base layer and tiie ferromagnetic metallic layer was varied wHhin a range of 3 X 
1 0"» Torr - 5 X 1 0"^ Ton*, and film formation was conducted. At this time, the impurity concentration in the Cr target used 

65 for tiie formation of tiie metallic base layer was 120 ppm. and the impurity concemratlon in the CoNiCr target used In 
the formation of the fen-omagnetic metallic layer was 20 ppm. Furthermore, the impurity concentration in tiie Ar gas used 
during the formation of the metallic base layer and tiie ferromagnetic metallic layer was 1 .5 ppb. 
Other points were identical to those in Embodiment 19. 
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In Figure 17, the relationship t>etween the attained vacuum degree in the film formation chambers used for the 
formation of the metallic tsase layer and ferromagnetic metallic layer, and the coercive force of the media produced, is 
shown. The vertical axis indicates the values of the coercive force of the disc shaped l3ase bodies in the circumferential 
direction. 

5 As shown in Figure 17. when the attained vacuum degree was 8 X 10~8 Tonr or less, the coercive force increased 

dramatically. Furthermore, at levels of 5 X 10~« Torr or less, a high coercive force of 2000 Oe or more was obtainable. 
80 that this is further preferat)le. 

Furthenmore, it was separately confirmed that even when only either the attained vacuum degree in the film formation 
chaniser used for formation of the metallic base layer or that in the film formation chamber used for the ferromagnetic 

10 metallic layer was 8 x 10~a Torr or less, the coercive force increased. 

(Embodiment 15) 

In the present Emlxxliment, the effects of maintaining the surface temperature of the l>ase body during the formation 
15 of the metallic base layer and/or the ferromagnetic metallic layer within a range of 60*C - 150*0 will be discussed. In 
order to confirm these effects, the surfoce temperature of the k^ase body during the formation of the metallic base layer 
and the ferromagnetic metallic layer was varied within a range of 25*C - 250**C. and film formation was conducted. At 
this time, the impurity concentration in the Cr target used to form the metallic t>ase layer was 120 ppm, and the impurity 
concentration in the CoNiCr target used to form the ferromagnetic metallic layer was 20 ppm. Furthermore, the impurity 
20 concentration in the Ar gas used during the formation of the metallic base layer and the ferromagnetic metallic layer was 
1 .5 ppb. A textured Ni-P/AI sut>strate having a surface roughness Ra of 0.7 nm was used as the base body 
Other points were identical to those in Embodiment 19. 

In Figure 1 8, the relationship t>etween the surface temperature of the base body during the formation of the metallic 
base layer and/or ferromagnetic metallic layer, and the coercive force of the media produced, is shown. The vertical axis 
25 indicates the values of the coercive force of the disc shaped base bodies in the circumferential direction, using white 
circles. Furthermore, as comparative examples, the coercive forces in the case in which the impurity concentration of 
the Ar gas used during the formation of the metallic base layer and fenomagnetic metallic layer was 20 ppb are shown 
using t^ack circles. 

Figure 19 shows the relationship between the surface temperature of the base Ixxdy during the formation of the 
30 metallic t^ase layer and/or ferromagnetic metallic layer and the surface roughness Ra of the media produced. 

As shown in Rgure 1 8, when the surface temperature was set to eo^'O or more, a coercive force higher than that of 
conventional media was attained. On the other hand, as shown in Figure 19. at temperatures of 150^*0 or more, the 
surface roughness Ra of the media increased. When an experiment was conducted in which the height at which the 
magnetic head rode atxsve such base bodies was 1 5 nm. there were numerous occurrences of a phenomenon in which 
35 the magnetic head collided with the surface of the medium, that is to say. there were numerous head crashes. Further- 
more, when the surface temperature of the base body during the fomiation of the metallic base layer or the ferron^gnetic 
metallic layer was set within a range of eo^'C * ISO^'G, no head crashes occurred. 

Accordingly, it was determined that in order to simultaneously realize higher coercive forces than those convention- 
ally obtainable and a low magnetic head heig^ of 1 5 nm or less, it was necessary to set the surface temperature of the 
40 base body during the formation of the metallic base layer and/or fenomagnetic m^lic layer to within a range of GO'^C 
- 150«C. 

Furthennore, since it is possible to produce media at low temperatures at which high coercive forces were conven- 
tionally unobtainable, base bodies which could not be used because gas was released from the base bodies as a result 
of heating, such as ceramics, plastics, resins, and the like, can be employed. 
45 In the above embodiments, a Ni-P/AI substrate was used as the base bodies: however, it was confirmed that the 
present invention was also effective when a non-magnetic layer was provided on the surfoce of the base t>ody, for example 
when a glass substrate having Ti, G, or the like formed thereon was employed. 

(Embodiment 16) 

60 

In the present Embodiment, the effects of limiting the surface roughness Ra of the base body to a level of 3 nm or 
less, or a level of 1 nm or less, will t>e discussed. In order to confirm these effects, the surface roughness was varied 
within a range of 0.5 nm - 7 nm. and film formation was conducted. At this time, the impurity concentration of the Cr 
target used for forming the metallic base layer was 120 ppm, and the impurity concentration of the CoNiCr target used 
55 for fomiing tiie ferromagnetic metallic layer was 20 ppm. Furthennore. the impurity concentration of the Ar gas used 
during the formation of the metallic base layer and the ferromagnetic metallic layer was 1 .5 ppb. 

Other points were Menticai to those in Embodiment 1 9. 

In Rgure 20. the relationship between tiie surface roughness Ra of tiie base body and tfie coercive force of tiie 
media produced is shown. The vertical axis indtoates the coercive force values of tiie disc shaped base bodies in the 
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drcumferentiaJ direction using white ctrclee. Furthermore, as a conventional example, the coercive forces obtained in 

the case in which the impurity concentration of the Ar gas used during the fbrmation of the metallic base layer and the 

ferromagnetic metalDc layers was 20 ppb are also indicated by black circles. 

As shown in Figure 20. by limiting the surface roughness Ra of the base body to 3 nm or less, a 30% increase in 
5 coercive force was obtained. Furtiiermore. when Ra was 1 nm or less, a furtiier increase in ooerdve force was obtained. 

so that tiiis was more preferable On the other hand, in the conventional medium, when Ra decreased, there was a 

precipitous decline in coercive force. 

Accordingly, in the present Embodiment, it is possible to simultaneously achieve a small Ra value which permits 

the realization of a low magnetic head height, and a high coercive force, go that a medium can be obtained which is 
10 suitable for application to high recording densities. 

(Embodiment 17) 

In the present Embodiment, the effects of employing (Ar + N2) or (Ar + H2) gas in place of Ar as the gas which is 

IS used during the formation of the metallic base layer and/or the ferromagnetic metallic layer will be discussed. At tfiis 
time, the impurity concentration off ttie Cr target used for forming the metallic base layer was 1 20 ppm. and tiie impurity 
concenfration of the CoNiCr target used for forming the ferromagnetic metallic layer was 20 ppm. Furthermore, ttie 
impurity concentration of the Ar gas used during the fbrmation of the metallic base layer and the ferromagnetic metallic 
layer was 1.5 ppb. 

20 Other points were identical to tiiose in Embodiment 1 9. 

In Figure 21, tiie relationship between the proportion of N2 gas in the (Ar + N^i gas and tfie coercive force of the 
media produced is shown by white circles. In Rgure 22, the relationship between the proportion of N2 gas In the (Ar + 
Hz) gas and the coercive force of tiie media produced is shown by white circles. Furthermore, as a comparative example, 
identical evaluations were performed witti respect to conventional media (in which the oxygen concentration in the CoNi Cr 

2S layer and the oxygen concentration in tiie Cr layer were both 260 wtppm). The results ttiereof are shown by the black 
circles in Rgures 21 and 22. 

As shown in Rgure 21 . when tiie proportion of N2 gas in the (Ar + N2) gas was 0.05 or less, a higher coercive force 
was obtained than when Ar gas alone was used. Furthermore, as shown in Rgure 22, when the proportion of H2 gas in 
the (Ar -I- gas was 0.03 or less, a higher coercive fDrce was ot>tained than when Ar gas alone was used. 

30 Accordingly, by using a mixture of at least one of N2 gas and H2 gas with Ar gas as tfie gas used during the fbrmation 
of the metallic base layer and/or ferromagnetic metallic layer, it is possible to realize a medium having a high coercive 
force which is applicable to high recording densities. 

IrKlustrial Applicability 

55 

By means of the magnetic recording medium in accordance with the present invention, it is possible to realize a 
high coercive force and low level of medium noise, and it is possible to provide a magnetic recording medium which is 
applicable to high recording densities. 

By means of the manufacturing method for magnetic recording media in accordance with the present invention, the 
40 degree of magnetic isolation of the crystalline grains in the ferromagnetic metallic film is increased, and it is possit»le to 
increase the coercive force. Furthermore, since the level of medium noise is also reduced, recording and playt>ack 
characteristics are Improved, Furthemiore, since it is possible to produce the media using low cost materials in which 
no R is contained in the ferromagnetic metallic film, and by means of processes having high productivity, it is possible 
to greatiy reduce the costs associated with magnetic recording media applicable to high recording densities. 

45 

Claims 

1 . A magnetic recording medium wherein a ferromagnetic metallic layer is formed on the surface of a base body witii 
a metallic l>ase layer in between, wNch employs reversal of magnetization, characterized in that an oxygen con- 
so centration in said fen^omagnetic metallic layer is 100 wtppm or less. 

2. A magnetic recording medium wherein a ferromagnetic metallic layer is formed on the surface of a base body with 
a metallic base layer in between, which employs reversal of magnetization, (^racterized in ttiat an oxygen con- 
centration in said metallic base layer is 100 wtppm or less. 

55 

3. A magnetic recording medium in accordance with Claim 2, characterized In that the oxygen concentration in said 
ferromagnetic metallic layer is 100 wtppm or less. 
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4. A magnetic recording medium In accordance with one of Oainns 1 through 3. characterized in that said ferromagnetic 
metallic layer comprises a Co group alloy. 

5. A magnetic recording medium In accordance with one of Gaims 1 through 4, characterized in that said Co group 
5 alloy comprises one selected from a group containing CoNiCr. CoCrTa. CoPtCr, CoPtNi. CoNiCrTa. and CoCrRTa. 

6. A magnetic recording medium in accordance with one of Claims 1 through 5. characterized in that said metallic 
base layer comprises Cr. 

10 7. A magnetic recording medium in accordance with one of Claims 1 through 6. characterized in that the thickness of 
said metallic base layer is within a range of 2.5 nm • 100 nm. 

8. A magnetic recording medium in accordance with one of Claims 1 through 7. characterized in that the thickness of 
said metallic base layer is within a range of 5 nm - 30 nm. 

IS 

9. A magnetic recording medium in accordance with one of Claims 1 through 8, characterized in that the thickness of 
said ferromagnetic metallic layer is within a range of 2.5 nm - 40 nm. 

10. A magnetic recording medium in accordance with one of Claims 1 through 9. characterized in that the thickness of 
20 said fenromagnetic metallic layer is within a range of 5 nm - 20 nm. 

1 1 . A magnetic recording medium, wherein a ferromagnetic metallic layer is formed on the surface of a base body, which 
employs res^ersal of magnetization, characterized in that an oxygen concentration in said ferromagnetic metallic 
layer is 100 wtppm or less. 

25 

12. A magnetic recording medium in accordance with Claim 1 1 , characterized in that said ferromagnetic metallic layer 
comprises a Co group alloy. 

13. A magnetic recording medium in accordance with one of Claims 1 1 and 12. characterized in that said Co group 
30 alloy is selected from a groip containing CoCr. CoCrTa and CoPt 

14. A magnetic recording medium in accordarxse with one of Claims 1 through 13. characterized in that a non-metallic 
layer is formed on the surface of said base body 

35 15. A magnetic recording medium in accordance with one of Claims 1 through 14, characterized in that the normalized 
coercive force (expressed by Hc/Hk?"*'") of said ferromagnetic metallic layer is greater than or equal to 0.3 and less 
than 0.5. 

16. A magnetic recording medium in accordance with one of Claims 1 through 1 5, characterized in that said base body 
40 conrprises Al alloy 

17. A magnetic recording medium in accordance with one of Claims 1 through 15, characterized in that said base body 
comprises glass. 

45 18. A magnetic recording medium in accordance with one of Claims 1 through 1 5. characterized in that said base body 
comprises silicon. 

19. A manufacturing method for magnetic recording media, wherein a metallic base layer and a ferromagnetic metallic 
layer are successively formed on the surface of a base body by a sputtering method, characterized in that the impurity 
60 concentraUon of Ar gas used in film formation Is 1 0 ppb or less. 

20- A manufacturing method for magnetic recording media in accordance with Claim 1 9, characterized in that the impu- 
rity concentration of said Ar gas used in film formation is 100 ppt or less. 

55 21 . A manufacturing method for magnetic recording media in accordance with one of Qaims 1 9 and 20. characterized 
in that, prior to the formation of said metairic base layer, the surface of said base body is subjected to a cleaning 
process by a high-frequency sputtering method employing Ar gas having an impurity concentration of 10 ppb or 
less, and the surface of said base txxiy is removed to a depth of 0.2 nm • 1 nm. 
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22. A manufacturing method for magnetic recording media in accordance with one of Qaims 19 through 21 , character- 
ized In that said metallic t>a8e layer comprises Cr. and the impurity concentration in a target employed during the 
formation of said metallic base layer is 150 ppm or less. 

5 23. A manufacturing method for magnetic recording media, wherein a fen-omagnetic metallic layer is formed on the 
sur^ce of a base body by a sputtering method, characterized in that the impurity concentration of Ar gas used in 
film formation is 10 ppb or less 

24. A manufacturing method for magnetic recording media In accordance with Claim 23, characterized in that the impu- 
10 rity concentration of said Ar gas is 1 00 ppt or less. 

25. A nr^anufacturing method for magnetic recording media in accordance with one of Qaims 23 and 24. characterized 
in that, prior to the formation of said ferromagnetic metallic layer, the surface of said base body is subjected to a 
cleaning process by means of a high frequency sputtering method, and the surface of said base body is removed 

IS to a depth of 0.2 nm - 1 nm. 

26. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 25. character- 
ized in that the irrpurity concentration of a target used in the formation of said feromagnetic metallic layer is 30 
ppm or less. 

20 

27. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 26. character- 
ized in that during the formation of said metallic base layer and/or fenromagnetic metallic layer, a negative bias is 
applied to said base body. 

25 28. A manufacturing method for magnetic recording media in accordance with one of claims 1 9 through 27. characterized 
in that said negative bias is within a range of -100V - -400V. 

29. A rmnufacturing method for magnetic recording media in accordance with one of Claims 19 through 28, character- 
ized in that the attained vacuum degree in film formation chambers used for forming said metallic base layer and/or 

30 ferromagnetic metallic layer is 8 X 1 0"8 Torr or less. 

30. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 29, character- 
ized in that the surface temperature of said base body during formation of said metallic base layer and/or ferromag- 
netic metallic layer is within a range of 60*0 - 150*C. 

35 

31. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 30, character- 
ized in that said base body has a non-magnetic layer formed on the surface thereof. 

32. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 31 . character- 
40 ized in that the surface roughness of said base body is such that Ra is 3 nm or less. 

33. A manufacturing method for magnetic recording media in accordance with one of Qaims 19 through 32, character- 
ized in that the surface roughness of said base body is such that Ra is 1 nm or less. 

45 34. A manufacturing method for magnetic recording media in accordance with one of Claims 19 through 33, character- 
ized in that a gas used during formation of said metallic base layer and/or fenomagnetic metallic layer comprises a 
mixture of at least one of N2 gas and H2 gas with Ar gas. 
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Fig- 17 
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Fig. 18 



3000 



o 2000 
o 



CD 
O 



o 
i-i 

S 1000 



0 




200 



250 



300 



Surface temperature of the substrate (°C) 



43 



EP0 710 949 A1 



Fig. 19 
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